We have identified a mariner-like element (MLE) in the genome of the silkworm, Bombyx mori. The cloned MLE, desiqnated as BmMLE, contained an ORF that was interrupted by insertions, stop codons, and frameshifts. The complete ORF sequence was estimated by sequencing the PCR products. The hypothetical protein coded by this ORF showed 34% homology to the Mos1 element of Drosophila mauritiana, and is phylogenetically very close to MLE of Hyalophora cecropia. BmMLE is present in 80 to 100 copies in the B. mori genome. Many BmMLEs with different lengths were identified by Southern blot analysis and LA PCR of the genomic DNA. The distribution of these BmMLEs differed in geographic races.
INTRODUCTION
Mariner is a ClassII transposable element which was first discovered in Drosophila mauritiana (Jacobson et al., 1986) . The element is around 1.3 kb in size and possesses a simple ORF coding 346 amino acids corresponding to a transposase. It belongs to the Tc group, whose transposition occurs only by the function of the encoded transposase, and is present in around 20 copies in the haploid genome of D. mauritiana. A mariner vector for transgenesis has been constructed and it has been shown that this transposon can carry out germline transformation of foreign DNA in D. melanogaster (Garza et al., 1991; Lidholm et al., 1993) . It has also been shown by an extrachromosomal excision assay that excision occurs via the function of the mariner transposase in non-drosophilid insects (Coates et al., 1995) .
Mariner-like elements (MLE) are found in many other insects (Robertson et al., 1992; Robertson, 1993; Bigot et al., 1994; Ebert et al., 1995) as well as in other organisms (Robertson and Macleod, 1993; Sedensky et al., 1994; Robertson, 1995) , and are suggested to have spread horizontally Kidwell, 1993) . Given these characteristics of mariner, it was predicted that the Bombyx mori genome might contain a similar element, and one type of MLE, Bmmar1 was found (Robertson and Asplund, 1996) . In silkworms, many other kinds of transposable elements have been reported. However, most of them belong to Class I (Eickbush, 1995; Ogura et al., 1994) , although one type of Class II transposable element with no ORF has been reported (Ueda et al., 1986) . To develop a vector for transgenesis in the silkworm, a new type of transposable element of Class II would be very important.
In this communication, we report another type of MLE present in the B. mori genome, designated BmMLE, and show the whole sequence of the cloned BmMLE. We found the ORF of the clone was interrupted by insertions, stop codons, and frame shifts indicating that it is not functional. The complete amino acid sequence of the ORF was determined by sequencing the fragments amplified by PCR from genomic DNA. The amino acid sequence of this conceptual ORF in the BmMLE is phylogenetically very close to the MLE of Hyalophora cecropia and differed form Bmmar1. In addition, many BmMLEs with different lengths were identified by Southern blot hybridization and LAPCR of genomic DNA. These different length BmMLEs were distributed in all of the native geographic races examined.
MATERIALS AND METHODS

Animals.
The silkworms used in these experiments were reared on fresh mulberry leaves or on an artificial diet (Yakuruto Co.) at 25°C. The silkworm races were obtained from the Genetic Resource Laboratory of the National Institute of Sericultural and Entomological Science. Silkworm stocks are preserved as two types, mutants and geographic races. The geographic races are maintained as a collection of native and improved races (Sorita, 1991; Kosegawa et al., 1997) . The native races are from many different local areas of Japan, China, Korea, and tropical and European countries that have been involved in the sericulture historically. The improved races are bred from the native races. Since the largest genetic pool is retained in the native races, we used the native races except for C108, which is representative of an improved bivoltine Chinese race and generally used as a standard in the silkworm. Concerning the numbers of native races now available, 49 Japanese, 51 Chinese, and 30 European races are preserved in the laboratory. Six races from tropical countries and 30 local races with the character of moltinism (except for tetramolter) are also classified and maintained as tropical and moltinism races, respectively. Among these races, 46 Japanese, 48 Chinese, and 27 European races were examined. All available tropical and moltinism races were examined.
Purification of genomic DNA. Genomic DNAs for PCR and Southern blotting were extracted from the posterior silk glands. Fifty pairs of posterior silk glands were dissected from the larvae on the 3rd or 4th day of the final instar, washed with 1 × SSC, frozen in liquid nitrogen, and stored at -80°C. For the purification of genomic DNA, the frozen silk glands were thawed in a buffer of 50 mM Tris (pH 8.0), 100 mM NaCl, 10 mM EDTA, 1% SDS, 150 µg/ml pronase K, and homogenized with a Dounce homogenizer. The homogenate was incubated at 55°C for 2 h, extracted with phenol three times, extracted with diethyl ether to eliminate the phenol, and then subjected to ethidium bromide-CsCl ultra-centrifugation. The DNA band that formed after centrifugation was collected. Ethidium bromide was removed with isopropanol, and then the solution was dialyzed against TE buffer containing 10 mM Tris-HCl, pH 8.0, and 1 mM EDTA. The purified DNA was adjusted to 50 µg/ml with TE buffer containing 1 mM Tris-HCl, pH 8.0, and 0.1 mM EDTA for use as a PCR template.
PCR of MLE from B. mori genomic DNA. For the first amplification of MLE from the B. mori genome, we used the degenerated primers MAR124F and MAR276R (Table  1 ) which were originally designed by Robertson (1993) . Genomic DNA from each race was submitted to 35 PCR cycles of (1 min at 94°C, 1 min at 53°C, and 1 min at 72°C) followed by a 7 min final extension at 72°C, using a Model HB-TR1 thermal reactor (HYBAID Co.). The reaction was performed in a total volume of 100 µl containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 2.5 mM of each dNTP, 0.001% gelatin, 250 ng of the genomic DNA, 2.5 units of Taq polymerase (Promega), and 40 pmol of each of the synthesized primers. The amplified fragment from the C108 strain was subcloned into a pBluescriptIIKS+ vector and sequenced.
Screening of MLE from a B. mori genomic DNA library. A B. mori genomic DNA library made from the Kinshu × Showa hybrid strain was a gift from Dr. S. Takiya of Hokkaido University, Sapporo. The amplified 501-bp fragment from C108 was used as a probe for screening the library. The clones were screened by plaque hybridization (Sambrook et al., 1989) and positive clones were purified by successive plating of the phage and hybridization. DNA fragments purified from positive clones were subcloned into pBluescriptIIKS+ for sequencing.
Sequencing and sequence analysis of BmMLE. Cloned BmMLEs were sequenced using a Dye Primer or Terminator Cycle sequencing Kit (Perkin Elmer) and an Automatic DNA Sequencer (Perkin Elmer 373A). Newly synthesized primers corresponding to the sequenced region were also used. The analysis of DNA and amino acid sequence data, homology, alignment, and phylogenetic relationships was conducted with Genetyx-Mac Ver. 8.0 (Software Development Co. Ltd.).
LA PCR to detect polymorphic MLEs from geographic B. mori races. LA PCR was performed for 30 cycles of (1 min at 94°C, 1 min at 55°C, and 10 min at 68°C) followed by 7 min extension at 72°C using a Perkin Elmer Thermal Cycler 480. The reaction was performed in a total volume of 25 µl containing 1 × buffer including 2.5 mM MgCl 2 , 400 µM of each dNTP, 1 µM of primer, MLEIR, 100 ng of genomic DNA, and 1.25 unit of LATaq (Takara). The amplified products were analyzed by electrophoresis using 2% agarose gel.
Southern blotting of the genome and amplified MLEs.
For Southern blotting of the silkworm genome, the purified DNAs were digested with restriction endonucleases and run on a 1.5% agarose gel. These DNAs were transferred to Nylon filters (Hybond-N, Amersham) using a vacuum blotter (VacuGene TM XL, Pharmacia) and fixed by exposing to UV light (Funa-UV linker, Funakoshi). The probe was labeled with [α-32 P]dCTP (Amersham) by the random priming method using a DNA labeling Kit (Nippon Gene). According to Gage (1974) , the genome size of B. mori is ~340 Mbp per haploid genome, thus we used 1.2 and 12 pg of the probe (439 bp) along with the 1-kb ladder marker (GIBCO BRL) as the copy number control of one and 10 copies, respectively. Southern blot hybridization of the LA PCR products of geographical races was also performed by the same method except that a 2% agarose gel was used.
RESULTS
Amplification of the conserved MLE sequence of B. mori. To examine whether a homologue of mariner can be amplified from B. mori genomic DNA, we performed PCR with genomic DNA extracted from five B. mori races and D. mauritiana using the degenerated primers originally designed by Robertson (1993) for the conserved region (MAR124F and MAR276R, Table 1 ). As shown in Figure  1A , a single strong band was mainly amplified from each sample although several additional weak bands of higher molecular weight were also detected. The size of this band is around 500 bp and approximately agreed with the amplified product of D. mauritiana, suggesting that it was a good candidate for BmMLE. We purified this fragment which was amplified from C108 and sequenced it (Fig. 1B) . The amplified fragment which was 501 bp, showed fifty five percent homology with the corresponding region of Mos1 of D. mauritiana at the nucleotide sequence level, and 38% at the amino acid level when conceptually translated. When compared to the MLE of H. cecropia (Lidholm et al., 1991) , 81% homology was found at the nucleotide level and 68% at the amino acid sequence level. We concluded from these results that the cloned 501-bp fragment is a portion of the BmMLE.
Isolation of the BmMLE clone from a genomic library.
To obtain a full length BmMLE, we screened a B. mori genomic library using the 501-bp fragment as the probe. Two genomic clones were successfully isolated and the regions corresponding to the BmMLE in the inserts of two λ phages were sequenced. It turned out that the two BmMLEs from these clones were identical and originated from the same region of genomic DNA (Accession No. D50298).
The sequence of the cloned BmMLE contained 32 bp of incomplete inverted repeats (Fig. 2) . The complete ORF could not determined from the cloned BmMLE because it was interrupted by frame shifts, stop codons, and the insertion of a 620-bp sequence with 15-bp direct repeats at both termini. To approximate the ORF of the complete BmMLE by substituting with the nucleotide sequence of other BmMLEs in the genome, we designed new primers to anneal within the gene or inverted repeats of the cloned BmMLE for the amplification of the interrupted regions (Table 1) . Using these primers, PCR was performed with the genomic DNA of C108 and the amplified fragments were sequenced (Fig. 2, second line) . The regions with frame shifts, stop codons, and the insertional sequence in the cloned BmMLE were replaced by the sequence obtained from the amplified fragments. As a result, we obtained a complete ORF sequence of the BmMLE (Fig. 3A) . The amino acid sequence of this hypothetical complete ORF was compared to those of MLEs of other organisms (Fig. 3A) . The amino acid alignment showed that this BmMLE possessed conserved regions for the MLEs of many organisms. In comparison with the MLE of H. cecropia, alignment was present over the entire BmMLE region. The phylogenetic relationships showed that the BmMLE obtained was very close to that of H. cecropia (Fig. 3B) . This indicated that the BmMLE identified in this experiment belongs not to Bmmar1 but to the H. cecropia type. Comparison of the inverted repeats also supports this idea (Fig. 3C ).
Southern blotting of BmMLE to examine the copy number and variation in the B. mori genome. To estimate the copy number and variation of BmMLE in the genome, we performed Southern blotting analysis using the conserved region of BmMLE as a probe. As shown in Figure 4A , this gave many positive bands of different sizes. We measured and calculated the strength of each band by densitometry and compared it with the control. The re- Fig. 2 . The nucleotide sequence of a BmMLE. The first line represents the nucleotide sequence of the genomic clone. The incomplete inverted repeats are underlined and the direct repeat sequence which flanks the 620 bp insertion is boxed. The second line represents the consensus sequence of the PCR products. The pairs of the primers, TP5 and MLE2, MLE12 and MLE13, MLE8 and MLE9, and MLE7 and MLEIR (Table 1) were used to amplify the regions 105-362, 491-707, 764-1716, and 1865-2026, respectively. For the region 105-362, we sequenced 10 clones of PCR products and the majority rule was applied to determine the consensus sequence. For the regions 491-707, 764-1716, and 1865-2026, we sequenced four, five and seven clones, respectively, and determined the consensus in the same way. The dot means identical to the genomic clone, and the hyphen represents a deletion. The translated amino acid sequence is shown by the third line. The accession number for this consensus nucleotide sequence is D88671. The abbrevations used are: Y = C or T; R = A or G; S = C or G; W = A or T; H = A, Cor T; N = A, C, G, or T. The position numbers refer to the nucleotide sequence of BmMLE genomic clone presented in Fig. 2 . sults of our calculations showed that the haploid genome of B. mori contains 80 -100 copies of BmMLE. The presence of bands with a variety of lengths indicates that there is substatial variation in the BmMLEs in the genome. When digested with enzymes having two recognition sites in the consensus BmMLE sequence (HaeIII, Sau3AI or double digestion using PstI and SspI), the bands with expected sizes from the restriction map (Fig. 4B ) appeared as minor ones (Fig. 4A, arrowhead) . Instead of these, more intense fragments were detected just below the expected bands. This suggests that a considerable amount of deletion type BmMLE is present in the B. mori genome. In addition, the presence of polymorphic banding patterns in the enzyme digests with a single recognition site implied that BmMLEs are dispersed in different loci in the B. mori genome. 
Distribution of different types of BmMLE in geographic races.
It is also important to examine how BmMLEs are modified in the genome and how these modified BmMLEs are distributed in geographic races. To investigate this, LA PCR was performed using primers corresponding to the inverted repeats. As shown in Figure  5A , many products with different sizes were amplified. When we compared 3 races (Fig. 5, lanes 1, 2, and 3 ) and their F1s (Fig. 5, lanes 4 and 5) , the majority of bands observed in the parent races also appeared in the F1s. For example, the 3.8-kb band which is specific in Cambodge (Fig. 5, lane 3) , also appeared in the F1 progeny of C108 and Cambodge (Fig. 5, lane 5) . This result suggests that the different sized amplified bands are inherited stably in the next generation.
To confirm if the bands with different sizes belong to the cloned BmMLE, Southern blot hybridization of the amplified products was performed using the probe corresponding to the conserved region. As shown in Figure 5B , most bands strongly hybridized with the probe, indicating that they belong to the BmMLE and that the bands detected by LA PCR are polymorphic types of BmMLE. We also performed LA PCR using genomic DNAs extracted from geographic native races, and compared the distribution of amplified fragments among the races. Representative results are shown in Figure 6 . When we examined the frequency of each band in different races, 3 bands, 4.2-, 1.3-, and 1.25-kb fragments appeared in almost all races. However, other fragments were distributed differentially among the races. The frequency of appearance of each fragment seemed to differ among the geographic groups. For example, Japanese races gave rather similar patterns and the frequency of appearance of the 2 -3 kb bands was rather low compared to Chinese or European races. More divergent patterns were seen in the Chinese races. In tropical races, the polymorphic pattern itself was not so prominent. Interestingly, the 4.2-kb band, which was present in all of the other races, was missing in Mysore (Fig. 6, lane 15) . If we assume that this variant of BmMLE is derived from a new insertion or deletion, then clarifying the relationship between the two types of BmMLEs, 4.2 and 3.8 kb, might explain why so many different types of BmMLEs are present in the genome. In the European races, the pattern of each race was characterized by the frequent appearance of fragments between 2 -3 kb. The pattern and distribution in the appearance of polymorphic fragments in moltinism races was rather similar to European races as a group. Table 2 summarizes the survey of the freguency of appearance of each band in different geographic groups. Because the numbers of races examined was not the same for each group, we compared the frequency of each band. The distribution of each band as a polymorphic type of BmMLE differed in these groups. This suggests that BmMLE in the silkworm genome is still moving and being modified.
DISCUSSION
We successfully cloned a mariner-like element from B. mori (BmMLE) and determined the complete conceptual ORF sequence for this element. The presence of different types of mariner in the genome of B. mori was reported by Robertson (1996) . However, the sequence and copy numbers of this mariner and our BmMLE are distinctly different. Comparison of conceptually translated amino acid sequences of the transposase and the inverted repeats in the BmMLE showed that the element obtained was similar to the MLE of H. cecropia (Fig. 3) . The number of BmMLE per haploid genome, estimated by Southern blot analysis, was 80 -100 copies. This is much less than the 2000 copies of B. mariner reported by Robertson (1996) , the 1000 copies of MLEs in H. cecropia, and the 8000 copies in a planarian (Platyhelminthe) (Garcia-Fernadez et al., 1995) , but larger compared to the 20 copies in D. mauritiana (Jacobson, 1986) and the 12 copies in M. occidentalis (Jeyaprakash and Hoy, 1995) . Although our clone was interrupted by an insertional sequence, the clone and the Fig. 6 . Polymorphic BmMLEs amplified from representative geographic races. Lanes: M, pUC19/HinfI; 1-5, Japanese races (1, Akajuku; 2, Koishimaru; 3, Matamukashi; 4, Kuroko, 5, Seihaku); 6-10, Chinese races (6, Bunri-haku; 7, Kohoku; 8, Sekko; 9, Joko; 10, Kinkomaru); 11-14, European races (11, Ascoli; 12, Bione; 13, Rosa; 14, Var); 15 and 16, tropical races (15, Mysore; 16, Ringetsu) ; 17-20, moltinism races (17, Chojo; 18, Kouraisanmin; 19, Shisensanmin; 20, Gomin-haku). conceptual complete sequence ( Fig. 2A) contained no introns, like other MLEs. Southern blot analysis of the genome suggested that the majority of BmMLEs are the deletion or insertion types and are dispersed in the genome. This was shown more clearly by LA PCR using primers corresponding to the terminal inverted repeat sequence and genomic DNAs from geographic races as templates. LA PCR using the inverted repeat sequence showed that many types of BmMLEs of different sizes were amplified from the genomic DNA of geographic races, each yielding more than 20 fragments of different sizes. Some of the amplified fragments were smaller than the mariner of D. mauritiana and the MLEs of other organisms; these amplified products were probably deletion type BmMLEs. In addition, there were many amplified products whose size was larger than the mariner with a complete ORF, like the Mos1 element of D. mauritiana. Why so many larger products were amplified is a very interesting subject when considering the actual function of BmMLEs. According to Maekawa (personal communication), the 4.2-kb BmMLE is interrupted by the insertion of a short retroposon containing the nonLTR retrotransposable element, BMC1 (Ogura et al., 1994) . In our clone, the ORF was also inactivated by an LTR retrotransposable like sequence. This evidence indicates that most BmMLEs present in the B. mori genome are inactivated by insertion or deletion. Interestingly, most races possessed the 4.2-kb amplified product and the appearance of the 3.8-kb band was very limited (Table 2) , although the 4.2-kb product was substituted with a 3.8-kb band in the tropical race, Mysore (Fig. 6, lane15) . The relationship between the 4.2-and 3.8-kb products might provide a clue to the origin and movement of polymorphic types of BmMLE. According to the recent understanding of the natural history of MLE (Hartl et al., 1997) , vertical inactivation and stochastic loss are the long term fate of MLEs in the genome. Thus, most BmMLEs would be in the inactivated stage as found in many MLEs in other organisms.
Patterns of amplified products were not exactly the same in every geographic race, and only 3 fragments of 4.2, 1.3, and 1.25 kb were present in almost all the races. The distribution of most other bands was different among the races, with the Chinese races exhibiting more diverse patterns than the other geographic groups. This shows quite good agreement with the evidence that other races originated from the Chinese races (Yoshitake, 1968; Gamo and Ohtsuka, 1980; Tamura et al., 1993 Tamura et al., , 1996 . The different banding patterns, distribution of polymorphic types and presence of rare bands in the geographic races suggests that some BmMLEs are still being modified and might still be moving in the genome. Actually, it is known that BmMLEs are unstable in cultured cells (Maekawa, personal communication) . When we can control the movement of BmMLE, the element will be a very useful tool for transgenesis and gene-tagging in silkworms.
